I. Introduction
The rapid growth of wireless communication and embedded Micro-Electro-Mechanical Systems (MEMS) Technology has made wireless sensor networks possible [1] . These sensor networks are capable of observing the surroundings, processing the data and making decision based on the observations. Such network can be used to monitor the environment, detect, classify and locate specific events and track targets over a specific region. Examples of such systems are in surveillance, monitoring of pollution, Traffic, Agriculture or civil infrastructure [1] . Recently, a lot of research activities have been dedicated to sensor networks including Power management and life time of network [6, 15, 16] . Design issues related to the physical and media access layer [2, 3] routing and transport protocols [4, 5 ] .
One of the fundamental issues in a wireless sensor network is the coverage (surveillance) problem. In general, this reflects how well an area is monitored or tracked by sensors. In the literature, this problem has been taken by in various ways. The Art Gallery Problem for example, deals with determining the number of observers necessary to cover an art gallery such that every point in the art gallery is monitored by at least one observer. This problem can be solved optimally in 2D plane [7] . Polynomial time algorithms to find the maximal breach path and maximal support path that are least and the best monitored in the sensor network are described in reference [8, 13] . How to find the minimal and maximal exposure path that takes the duration that an object is monitored by sensors is addressed in [9] . Localized exposure based coverage and location discovery algorithms are proposed in [10] .
This study investigates how well a target detection over a regions interest for a particular deployment of sensors. In order to detect a target moving through the region, sensors have to make local observations of the environment and collaborate to produce a global decision that reflects the status of the regions covered [11] . The collaboration requires local processing of the observations, communication between different nodes, and information fusion [12] . One possible measure for target detections in a sensor field is called path exposure. The path exposure is a measure of the likelihood of detecting a target traversing the region using a given path. The higher the path exposure, better the network deployment for target detection. The set of paths to be considered may be constrained by the environment. For example at a boarder battle field if a target is expected to be follow a road, only the paths consisting of the roads need to be considered.
The focus of this paper is to determine the minimum exposure path for target detection for a particular deployment of sensors in network field. If the minimum exposure value of a minimum exposure path is less, the target detection through that path is poor. For better detection the minimum exposure value must be as possible as high. In this study, the deployment of sensors is assumed in two cases. In the first case when the environment is unknown or hostile in which case the sensors may be air dropped or deployed by other means generally resulting in a random placement. On the other case predetermined placement when the environment is sufficiently known and under control, in which sensors can be strategically hand placed.
II. Path Exposure
Generally sensor nodes have different theoretical and physical characteristics, but most sensor nodes have the two common features (1) Sensing ability diminishes as distance increases and (2) Sensing ability can improve as the allotted sensing time increases.
In view of these, for a sensor, we express the general sensitivity function S(s,p) at any arbitrary point p as
Where d(s,p) is the Euclidean distance between the sensor and the point p, and the positive constants λ and k are sensor technology dependent parameters. Depending on the environment the value k typically ranges from 1 to 4 [9] .
Consider a rectangular sensor field F with n sensors deployed at locations s i , i=1,2, …..n. . All sensor field intensity I(F,p) for a point p in the field F is defined as the effective sensing measure at point p from all sensors in F. Then I(F,p) can express as
The path exposure is defined as an integral of a sensing function that generally depends on distance from sensors on a path from a starting point to destination point [9] . The exposure for an object in the sensor field during the interval [t 1 ,t 2 ] along the path p(t) is defined as
where ( ) is the element of arc or path length.
Using above formula, finding the exposure path in sensor networks field under arbitrary sensor deployment is difficult task. Therefore we present a very simple generic algorithm and several heuristics that can be used to obtain the solution to the exposure based coverage and surveillance.
The generic exposure problem domain is continuous and the exposure expression often does not have an analytical solution. To solve this problem we propose a simple algorithm that contains the following steps.
1. Transfer the continuous problem domain to discrete one. 2. Apply graph-theoretic abstraction. 3. Compute the minimum exposure path using Djikstra's shortest path algorithm
To transform the problem domain to the tractable discrete domain we use a generalized grid approach. For the sake of simplicity, we restrict our subsequent discussion to the 2-dimensions.
In the generalized grid based approach we divide the sensor network regions using an n x n square grid. To simplify the problem further, the path is forced to exist only along the edges of the each grid square as shown in the Figure 1 . We call the number of n x n square grids is the order of the grid. Since the minimal exposure path can travel in arbitrary direction through the sensor field, it is easy to see that the higher order grid creates significant change in the final results because it only allows horizontal and vertical movements. Hence 30x30 and 50x50 order grids considered. The minimum exposure path is then restricted to straight line edge segments of each square. Fig.1 shows sensor field with 8X8 grid order. Figure. 1. Sensor field with 8x8 order grid and randomly deployed sensors ( ) We start our exposure calculation by considering the n x n square grid in the sensor field. Suppose there is only one sensor at point (0,0), the sensitivity function at point p(x,y) is given by using Equation(3)
The exposure along a path p(t)=(x(t),y(t)) in the interval [0,1] is
This Integral calculates the exposure along the line segments of the grid elements. For the above Integral calculation we chose k=1 (high power sensors) and 2, 3 (low power sensors). The above integral calculations serve as an analytic basis for the calculation of minimum exposure path in this paper. The problem of finding the least exposure path from left side of the sensor field to right side of the sensor field is then equivalent to the problem of finding the least weight path from left side position to right side position on this grid. Such path can be efficiently determined using the Dijkstra's shortest path algorithm [9] .
III. Results and Discussions
In the MATLAB (7.9) simulation, a wireless sensor network field is created. The sensor field in all cases is defined as a square, 1000 meters wide. We have assumed that the speed of the target is not a constant ( ) ≠ 1 . The exposure coefficient λ is set to 1, and field decay factor (k) is taken in three cases as k=1, 2 and 3. The sensing range of the sensors is considered as uniform and sensitivity value depends on field decay factor (k) and point of observation in the field. The sensor always locates at center of its sensing field.
The grid order in all cases is considered as 30x30 and 50x50. The results are averages on 10 randomly generated instances in random deployment.
Random deployment of sensors
In this random deployment various numbers of sensors are randomly deployed in the sensor field. The results in Table I show the average minimum exposure, average path length and grid order. From these tables we can observe wide range of minimum exposure paths from random deployment of sensors. This can be expected because of the random distribution of sensors. The number of sensors increases in the field, the minimum exposure value also increases whereas the grid order increases the minimum exposure value decreases. The tendency of these behavior represented in Fig. 2, 3 and 4. These results suggest that not only the number of sensors but also grid order effects the minimum exposure path. However the effect of grid order on minimum exposure path is less in high power sensor nodes (k=1), but remarkable impact on minimum exposure path in low power sensor nodes (k=2and 4).
In our results we have observed that as the number of sensors increase, the minimum exposure path length almost stable in all cases but in high power sensor field it is equal to the edge length and in low power (k=4) it approaching to the half of the perimeter value of the sensor field Figure. 
Deterministic placement of sensors
We have extended our study to the deterministic deployment of sensors. Table II lists the minimum exposure and path length for several sensor deployments using different sensors (k=1, 2 and 3) and grid combinations. We have considered three types of sensor deployment schemes (1) In our results (+) scheme of deployment provides best scheme forhigh minimum exposure in the sensor field k=1 with grid order 50X50. In low power sensor field (k=2 and 4), the (||)) scheme shows high exposure in the grid order 30X30. The scheme (X) shows medium exposure in the three deployment schemes and grid orders. Finally, the exposure along the minimum exposure path for all deployment schemes in deterministic deployment is higher than the randomly deployed schemes in the sensor field for grid order 30x30 and 50X50Hence scheme of deployment and grid order depends upon the particular application. 
IV. Conclusions
This paper addresses the coverage or surveillance problem in the wireless sensor field. A mathematical formula is derived for exposure along the grid paths. Based on the above formula the minimum exposure is calculated for various sensor deployments in the sensor field. The minimum exposure is used as a measure of the deployment of the sensors and the goal being to maximize the exposure of the minimum exposure path to detect the target in the sensor field. We found from our results that minimum exposure influenced by both number of sensors and grid order. Low power sensor placement is much effected by both its deployment and grid order. The above results indicate that for the right deployment of sensors sensor power and grid order to be considered.
